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(Translated byt Idward Lachowicz, Maryland, Medical-Legul Foun-

dation, Inc., 700 Fleet Street, Baltimore, Haryland, .. ,;

During investigations performed on warm-blooded anituals (1,2,3)

we determined that botulina) toxin .mpairs, in the first plece, the

motor neurone of the anterior horn ol" the spinal :.ord and, then,

one can notice, only after several daya follwing the intoxication,

the impairments of nouromuscular terminal apparatuses. At the uame

time, the efferent part of the spinal reflex arch remaine unaffected.

We found only partial reports (4, 5, b, 7) in %be literature

dealing witn the question of the mechanium of botullnal toxin's

effects on cold-blooded animals. Thus, we set the following goa]s

in tha present work:

1) To clarify the sequence of changes in functional pr.pertias

of the vjlin*l cord motor ceris and of their corductoro at various

stages of botulinal Intoxication;

2) To clarify whether botulilnal toxin effects the afferent part

of the reflex arch.



1.

The experiaente were performed on frogs kRana tomporarin)

weighing 40 to 50 gm. OLne group of animals received in advance

botulinal toxin type A (I aire - Dlm - 0.00005 mg of dry toxin)

administered Into the spinal lymphatic sac in a quantity of 0.1 ml

and In concentrations from 2"10 -' to 5"10 - gwlml; the otther group

received the toxin's inieotion into muecalua gastrocnemiuu in a

qQ-au tty of 0.1 al, in cilutiona froca 1"10 - 1 to 1,10 -  g/ml. The

first iiehod of administration of the toxin developed a general

botulleI pioture, and the ceoond one - a looal picture ( in a form

of peralysis in one affected hindpaw). However, in some experiments.

the lo al form of botulism changed to a general form after several

says. The experiments wvre perfoured on animals with boih forms of

botuisem on the first 4ay and up to the seventh day following the

Inoc'laltl n. After decapitation of frogs, their spinal mount w0s

eourely fix, d on diss~ cting stand wlh no dorum upwara, tihen

we dtasected off Loth sciatic --try** and also the tendons of tibial

muscles. o connected the latter with lngelsan'e myugra;he.

About 1O to 12 minutes after the preparation, we performed

the neurotomy of one of the eciatic nerves, then ;Ne separated the

central end of the tibial nerve and arranged it on pletinur e-

lectrodes connected with thi outlet of the GRAKIi-1 stimulftor that

en.atled us to change the frequency, the Intensity an! the luration

of stimulating impulses. The stimulation of the indicated i.rves

cauned a contraction of the opposite tutact sWe of the gamtroonemius

muscle. Thus, indirectly to the optimum and peseimum of the sttmu-

lation frequency, we invedtigated in these experisuents the lability



of tio spinal motor centers. Later, wLth the stimulation of the

periphezal end of the nerotomized nerve, we Invewtigated by analn-

goup method the lability of the myoneural oonnectione and, finally,

muscles. Along with the lability, we alo investigated the rheobase,

as aell as the chroxaxy of the sciatic nerve, and of the gastrocne-

mias Muecle.

7e performed identical experiments on noral frowa 'or control

purp.seea.

In 25 experiments with spinal preparation" of uniiakfctel frogs,

con%:actions of the gastrocnemiue muscle appearea wit. e ,tt.u-

lation of the 2entral end )f the neurotomized tibal nerve )n the

opposite side, when frequencies from I to 0 cps were ide!. As a

rule, with the frequencies of the aforetentioned ''a.tu 't. as ob-

served poselmal ontractlona of the .nvestietteA miMle. Th-i, ac-

cording to tee optimum and peseimun uf the stlmlatl.)n frequency,

th, lability of motor centers of the s;InA'. cord ranged in control

experimenta aLout 8ki cps. The gaetrocnemius muscle cuntrscted on

the frequencies from 352 to 400 cps durinig stimulation of the sciatic

nerve -n unInfocted frogs; however, the optimum tetanjs was nb-

served with the stimulation of the nerve up to 60 cps, and the

eselaitm tetanus - from )0 cps up. Tbe gastrocnemias muscle tn

direct stzu'ation respondmi to contractlona on frsquenciei .ip tu

230 cps. The rreobase of the tibia! nerve varle frnm 0.2 to o.c v

in searate experiments, however It remained within the raage if

0.3 to 3.4 v in most experiments. The magn,.tude of the rheobase of

tne gsatrocnemi us muscle w e 1 to 3 v, whil, the cnronaxy vriel
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from '. ';o 1.2 mesa.

?t.t. 1 - ;Lability decrease In spinal motor centers on the side of

Inoculation with botu' . In a l toxin 6ftAr otlimulfttlen of the
osat.al end of the neurotosized tibia; nen - n n.Pnptrrs-

lysed ul e'. Above - the myogram of the .'r,:, il tibP-al
muscle of the par&ljsed extremity; belms -
mLa'kin~s (stimulatng, current atrendtn: 1.0 v'; bottom

- time markinds 5 eec.

Pigur. 2 -Lability chned -of peripheral motor tr~ets ,)n para-
lysed side. Above - ontraction reLtri of tMh frontal

tiblal muscle durin. stimulation of the p, ronfal ,,erve

in a paralyzed extremity; below - 9tLm%, Ato mrkirg
,j ~~with I.ndicatedl frequency (cps) af t.he s r',tn 're.

,current strwzngth: 1.8 v); bottom - tim.ni~wt dctife~sc ca fte8a itr. re.

?be basic experiments were curried out or. J r.,.-. . Tn 3o %x-

perisents the toz1n was adminoetered Into the .pinal lymphatic se'

anl in 68 ex.erimente - by intramuocular method. A series of suc-

cesive stages of developei injuries In the nervu- tystem were
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detected with local and general forms of botulism during invest gatIon

of functional conditions of various sections of the spinal reflex

archoo.

In the initial stage@ of intoxioation (lot or 2d day after

Inoculation) we observed in 8 experiments with general forms of

botulism and in 8 instarces of local botulism that a considerable

decrease occurred in lability of the spinal motor centers. In frogs

with a local botulism this manifested itoelf only on a .ei. of the

administered toxin. As we see from figure 1, a contraction of the

gastroonemins muscle in these animals occurred only with low frequen-

cy (2 to 16 cps) stimulations administered to the central end of

the neurotomised tibial nerve on the opposite side. We also noted

a considerable fatigue of spinal neural centers, namely: a reflex

0response on the second stimulation could on2, be obtained after 10

to 15 anutes following a preceeding stimulatlon. In these experl-

&ents the rheobase, obronaxy and lability of the tibial nerve and

of gastroonemius muscle did not differ from tnoae observed in control

animals.

In the following 6 experiments with general form of botulism

and In 9 experiments with local form of botulism (on the 2d or 3d

day after Inooulaticn), we could not record any contractions at all

of the gaatrozno s muscle after stimulation of the central end

of the tibial nerve by any frequencies. However, the s-tmulation of Sk

the truncus of the tibial nerve hba not produced any significant dis-

orders in its functions, i.e. the magnitudes of the rheobaoe, chro-

nazy and lability appeared close to normal. The disorders appeared
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only after a considerably high inoculation volume and the involvod,

In a4dltion to spinal centmrs, also the peripheral motor conductors.

Pig,irs 3, - RecorlIng of contractions of the frontal ttblal nerve

following direct stimulation on nonparalyze, site; b -

recording of contractions cf anal-gou u c nele on the

opposite and paralyzed side; below - marxing " f ..-

lation; bottom - time markings 5 see. Q
Likewise, no reflector cuntractions of the .gas;ronemua .aeoc.e were

noticed. At the same time, chantes appeared In nctiona character-

istios of the tibial nerve: the rheobaee increased to 7 v and above,

the chronaxy lengthened and the lability showed a shifting tenden-

cy toward high frequencies. The functional charac'eristics of the

gastrocuoalus muscle showed no deviation from a normal state We

observed saiilar changes in 6 experiments with a general form of

botulism and in 14 experiments with a local form of bitoA;lsi.

In the subsequent stag* of intoxication, on the 2d to 4th day

following %he administration of toxin (in 3 experiments with a

geneoral form of botulism and in 19 with a local form of botulism),

the injury of the tibial nerve was still expressed more distinctly:

0
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usually, the rhoobase and the ahronaxy remained undetermined, even

when the strength of stimulating current reached 100 v. The stimu-

lation of the tibial nerve with the frequency of 30 ops and above

caused contraction of the muscle in response to Insignificant

strength of %he stimulating current: 1.8 v (see figure 2). Attention

must be dirgoted to a charaoteristic change in contractions of

ausoles according to theiz form, they represented typical tonic

contractions. However, according to couparison with a normal state,

&Ster direot stimulation of the Inoculated gastrocnemius muscle no

Important ohoges were noticed in the rheobase, cbronaxq and lability.

In the very late stage, on the 4th to 7th day after inoculation

(in 4 eilerimente with a general and in 5 experiments with a local

fora of botulism), we observed a complete absence of any effect

following Indirect stiaulaticy of iroculated muscle at the time,

when Its direct stimulation caused a usual contraction. Figare 3

shows contraction curves after direct stlmulation with various

frequencies applied on gastrocnemius muscle infected with botuinal

toxin and also the curves of muscle uninfected with botulism for

comparison purposes. The Infected gastrocsaius muscle, while on-

tiraly unresponsive to indirect stimulation, revealed on direet

stlaulation insignificant changes In the optimum and pessaimum of

•the stimulation frequency.

In aidition, we solved a question of injuries by toxin in the

afferent sections of the spinal reflex arches. To administered botu-

linal toxin intramuscularly in doses that caused paralysis only in

the inoculate extremity. During stimulation of the central end of
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%he neurotomised tibia' nerve in the paralyzed extremity, reflex

contrac~ions In the gastroonealue muscle always appeared on the

side oppostte to the nonparblyzed side; consequeutly, botulinal

toxin does not affect the afferent sections of the spinal reflex

arches.

Thus, the InJury to the motor innervation of skeletal muscle

in frogs is conditioned, first of all, by the toxin's effect on

motor centers of the spinal cord. In this respect there is a com-

plete conformity with the mechanism of the botulinal toxin's effect

on wA-m-blooded animals. Evidently, disorders in functional charac-

teristics of the peripheral actor nerve& occur only after Injury

of the motor center at %he %ie of its direct cooperation.

C onclusione

1. The administration of botulinal toxin type A in a does of C
0.1 in dilutions of 2"10 "3 gm/al, or 5h10 - 3 go/al into spinal lym-

phatic sac causes on the 2d or 3d day a development of a general

form of botulism, and death on the third or fourtn day.

The administration of botulinal toxin type A in a dose of 0.1

in dilutions of 1"10 - 3 g/al, or 1"10 "5 gm/al, causes a levelopent

of local botulism and paralysis of the affected extremity.

2. The development of paralyses, local and general, begins. in

, first place, with the Injurious effect of the toxin on pertinent

motor censers of the spinal cord and, then, the harRful effect ex-

tends to the efferent part of the reflex arch.

3. The afferent part of the spinal reflex arches is not affect-

e4 by botulinal toxin type A.
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Summary (copied)

The mechanism of the paralytic effect of botulinum toxin on the

motor innervation of skeletal m-Ascles was stuiicd in froga. :t was

eetablished that paralysis of skeletal muscles hegins frm the

Injury of motor centers of %te slinal cord. It was povitle to re-

veal the affection of the peripheral neuromuscular a;parktuses only

after a considerable ,eriod of time foliowir*, complete exclusion

of the epimna nervous cent2re.
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